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Abstract 
The ecosystem service (ES) concept is becoming mainstream in policy and planning, but 
operational influence on practice is seldom reported. Here, we report the practitioners’ 
perspectives on the practical implementation of the ES concept in 27 case studies. A 
standardised anonymous survey (n = 246), was used, focusing on the science-practice 
interaction process, perceived impact and expected use of the case study assessments. 
Operationalisation of the concept was shown to achieve a gradual change in practices: 13% of 
the case studies reported a change in action (e.g. management or policy change), and a further 
40% anticipated that a change would result from the work. To a large extent the impact was 
attributed to a well conducted science-practice interaction process (>70%). The main reported 
advantages of the concept included: increased concept awareness and communication; 
enhanced participation and collaboration; production of comprehensive science-based 
knowledge; and production of spatially referenced knowledge for input to planning (91% 
indicated they had acquired new knowledge). The limitations were mostly case-specific and 
centred on methodology, data, and challenges with result implementation. The survey 
highlighted the crucial role of communication, participation and collaboration across different 
stakeholders, to implement the ES concept and enhance the democratisation of nature and 
landscape planning. 
 
1. Introduction 
The dual concepts of natural capital (NC) and ecosystem services (ES) have matured over the 
last 30 years and are becoming mainstream in policy and planning. Major global initiatives 
such as the Millennium Ecosystem Assessment (MA, 2005), The Economics of Ecosystems 
& Biodiversity (TEEB, 2010), and the more recent Intergovernmental Platform on 
Biodiversity and Ecosystem Service (IPBES) (Díaz et al., 2015) have championed the 
concepts. The concepts are also becoming increasingly integrated in local-level decision-
making, for example in urban planning (Kopperoinen et al. 2015; Maes et al., 2016), in 
national park management (Cairngorms National Park Authority, 2012, García-Llorente et 
al., 2016; Gómez-Baggethun et al., 2013; Palomo et al., 2014), and within river basin 
management plans (Grizzetti et al., 2016a). 
 
In recent years there has been an exponential rise in the number of academic papers reporting 
aspects of the implementation, or so called operationalisation of the ES concept (see Jax et 
al., 2018). This includes work from the case study areas considered in this paper, which 
investigated: mapping ES (Baró et al., 2016; Clemente et al., 2015; García-Nieto et al., 2015; 
Liquete et al., 2015; Palomo et al., 2013), modelling ES (Baró et al., 2014; Liquete et al., 
2016b), valuation assessments (Martín-López et al., 2014), and integrated assessment of ES 
(Langemeyer et al., 2016). In addition, issues of scale (Bezák et al., 2017; Kovács et al., 
2015), temporal aspects (Dick et al., 2016), and the linkages between biodiversity and ES 
(Gonzalez-Redin et al., 2016; Liquete et al., 2016a) have been studied in the case studies. 
Stakeholder engagement (García-Nieto et al., 2015), governance (Primmer et al., 2015) and 
the linkages between ES and human wellbeing (Kelemen et al., 2015; Tenerelli et al., 2016) 
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are arguably less well researched. In the literature there are many similar examples where 
researchers draw on theory-based argumentation, large datasets and/or case studies, to test the 
utility of the ES concept. However large scale case study comparisons on how the ecosystem 
service concept can be operationalised, and how the knowledge is applied in practical terms 
are lacking. Few studies have assessed the impact of such research on the ES knowledge 
users (Posner et al., 2016; Saarela and Rinne, 2016), whose perspectives are vital if we are to 
make these concepts useful in real-world planning and decision-making. This paper addresses 
the apparent knowledge gap in the systematic understanding of the usefulness of the ES 
concept for practitioners, by answering the question: In what ways does the ecosystem 
service concept help practitioners address their specific real-world, ecosystem management 
needs? 
 
Fig. 1. Map showing the location of the 27 case studies, about which the 246 stakeholders’ 
offered their perspectives on the advantages and disadvantages of the application of the ES 
concept. 
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It is now acknowledged that the analysis of ES requires interdisciplinary approaches i.e. 
working across academic boundaries (Nesshöver et al., 2016). Despite the recent 
acknowledgment that funding bodies may discriminate against interdisciplinary research 
(Bromham et al., 2016), European funding streams are promoting not only interdisciplinary, 
but also transdisciplinary research (Lyall et al., 2015), which aims to integrate information 
from various scientific and societal bodies of knowledge (Hauck et al., 2015; Jahn et al., 
2012; Lang et al., 2012; Röckmann et al., 2015). Transdisciplinary research offers conceptual 
and practical advances resulting from the synergy of different perspectives and contributions, 
which arguably are necessary for an ethical application of the ES concept to issues of societal 
relevance (Jax et al., 2013). The EU explicitly required a transdisciplinary approach to 
determine the advantages and limitations of the NC and ES concepts in real world situations, 
which is the focus of this paper. This paper reports the perspectives of users of ES knowledge 
in 27 case studies, following three years of ES research, addressing societally relevant ES 
issues selected by local stakeholders (Jax et al., 2018). 
 
The case studies were co-developed with practitioners in a transdisciplinary way to ensure 
that they would address real-world practical concerns in the 27 localities. At an early stage in 
the ES research, the case studies assembled ‘Case Study Advisory Boards’ (CABs) (see Jax 
et al., 2018). The goal of the CABs was to provide a forum where practitioners could work 
closely with researchers to identify topics to be investigated, discuss appropriate methods and 
tools, and to decide collectively about the process. Researchers worked with practitioners to: 
(i) identify the advantages/disadvantages they faced in operationalising the ES concept in 
their specific policy and decision-making context; (ii) apply and refine the methods and 
models to the case study’s needs; and (iii) test the method/model relevance and usefulness in 
an iterative manner. As such, each individual case addressed different issues and used varied 
methodological tools to address their specific challenges. This paper draws out and 
characterises common lessons learnt, with respect to the operational potential of the ES 
concept, from the perspectives of the practitioners and stakeholders within these case studies. 
 
Cross-case study comparisons of the tools, methods and perceptions of stakeholders are not 
the purpose of this paper, but these analyses have been addressed in other literature (See 
Carmen et al., 2018; Priess et al., 2018; Smith et al., 2018; Turkelboom et al., 2018). 
 
The design of the case studies reported in this study followed an approach described by 
Khagram et al. (2010), according to which the project or programme would constitute a 
‘‘self-identified community of scholars who share research questions or problems and are 
working on an interlinked set of research projects”. In line with the ideas of Khagram et al. 
(2010), the case studies explored three ‘theories of knowledge’ types, i.e. prediction (using 
models and scenarios; Hendriks et al., 2014), contextual situation-embedded understanding 
(e.g. analysis of conceptual frameworks; Dick et al., 2017; Liquete et al., 2016c), and 
explanation (through causal pathways e.g. photoseries analysis; Martínez Pastur et al., 2016; 
Tenerelli et al., 2017). 
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Similarly, the design of the case studies followed ideas from the general literature on the 
philosophy of science (e.g. Kuhn 1962; Lakatos 1970), from which Khagram et al. (2010) 
derive three major meta-philosophies (or paradigms) of research programmes for 
interdisciplinary environmental research. The paradigms, positivism, interpretivism and 
constructivism, define the nature of the phenomena researched, and can be mapped to 
components of the case studies contributing to this paper. For example, part of the Norwegian 
urban case study, coded as OSLO (Supplementary Material 1), which tested tools related to 
neoclassical economics, can be judged to have followed a positivist philosophy of 
knowledge, whilst the case studies that focused on socio-cultural and especially narrative 
methods can be judged to follow the interpretivism paradigm (Dick et al., 2017; Kelemen et 
al., 2013). A primary goal of interpretivist research is to understand the subjective views of 
individual actors, and the inter-subjective shared views of communities of actors. Some of the 
case studies which used discourse-based approaches e.g. participatory or deliberative 
mapping of ecosystem services can be judged to have followed the ideas of constructivist 
philosophy of knowledge, which seeks to explain and understand how reality is construed 
through social and natural processes (Hendriks et al., 2014, Smith et al., 2018, Zulian et al., 
2018). The aim of the case studies and the meta-philosophies adopted was co-designed with 
the CABs. 
 
The CABs were also consulted on the design and implementation of the evaluation process 
which was carried out towards the end of the study. This process allowed the CAB members 
and other local stakeholders to contribute as respondents to a comprehensive anonymous 
survey, in order to address the knowledge gap identified i.e. practitioners’ perspectives of the 
ES concept. 
 
This paper reports an assessment of the case study stakeholders’ perspectives on the 
application of the ES concept, and in particular their views on the advantages and limitations 
of this concept as implemented in their own case study. To determine the advantages and 
limitations of the ES concepts, we use a combination of statistical and comparative research 
strategies. We specifically consider what factors in the ES appraisal the practitioners 
considered were associated with a ‘change in action’ in their case study, as this was 
considered the end point of the research evaluated. 
 
The paper is structured as follows: the characterisation of the case studies and the design and 
implementation of the questionnaire are reported in Section 2. The results are reported in 
Sections 3 and 4 derives the lessons learnt from testing the ES concept in real-world case 
studies, and discusses these in the context of the value of integrating stakeholders into ES 
appraisals and the advantages for wider societal change. 
 
2. Materials and methods 
 
2.1. Characterisation of the case studies 
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The 27 case studies, used as testing grounds for exploring the challenges and opportunities 
for operationalising the ES concept, covered a range of locations (Fig. 1). Twenty-three were 
located in Europe and an additional one each in India (BKSU), Kenya (KEGA), Argentina 
(SPAT) and Brazil (BIOB). Each case study was assigned a four letter code, which is listed 
alongside the full case study title in Supplementary Material 1. 
 
Table 1. Settings and issues studied across the 27 case studies, as identified by the case study 
research teams. The order of the case studies reflects the major ecosystems in the case study 
area and corresponds to Fig. 1. Water, in this case, indicates freshwater bodies or rivers. 
 
 
 
Details of all the case studies can be found in the ‘Ecosystems in Operation case studies’ 
brochure (EU FP7 OpenNESS Project 2016). The case studies were originally selected to 
represent a variety of landscapes and ecosystems specified by the commissioning body (EU) 
including urban areas, forests and woodlands, agricultural and mixed landscapes, rivers, lakes 
and coasts (Table 1). 
 
A wide range of stakeholders were engaged in the case studies, including representatives of 
public agencies, natural resource management authorities, municipalities, and regional 
governments. Stakeholders in the form of ES users were also engaged, including land owners, 
farmers, foresters, urban dwellers, (eco)tourism business operators, tourists, NGOs etc. 
 
Each case study explored one or more local societal issues which could be addressed by ES 
tools and approaches (Table 1). Given the diversity of settings, goals and issues, a wide 
selection of tools and methods were applied. An evaluation of some of these methods are 
detailed in other papers in this special issue (Barton et al., 2018; Dunford et al., 2018; 
Harrison et al., 2018; Priess et al., 2018; Smith et al., 2018; Zulian et al., 2018). 
 
2.2. Creation, structure and implementation of the standard questionnaire protocol 
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After three years of work in close consultation with case study stakeholders, a standard 
questionnaire approach was adopted to allow the stakeholders to feed back their experiences 
of the operationalisation of the ES concept conducted in their case study. The questionnaire 
protocol (Supplementary Material 2) was designed to be adaptable, appropriate and sensitive 
to local case study conditions, and to allow assessment of the operationalisation of the ES 
concept across a range of contexts, including different land-use and ecosystem management 
issues. To avoid biases in the answers, the following principles were adhered to: (i) the list of 
individuals selected to complete the standard questionnaire must be agreed with the local 
stakeholder representatives (CABs), which controlled for biases in the selection of 
participating respondents; and (ii) questionnaires were presented in a way that strived for 
independence from the research team and allowed for free and frank completion of the 
questionnaire by the respondents. Survey implementation teams were used in each case study, 
who were responsible for the delivery of a standard questionnaire, collection of the responses 
and delivery of the data to the core analysis team. These implementation teams and core 
analysis teams were independent of the case study research teams (for full details see 
Supplementary Material 2). Furthermore the protocol required that questionnaires be 
completed anonymously, but the respondents could choose if they wished to declare their 
identity. 
 
Fig. 2. Structure of standard questionnaire with four topics, 12 themes, 63 statements (#) and 
4 question formats (F), examples of which are shown and labelled A–D (see Supplementary 
Material 2 for full questionnaire). 
 
Three main approaches were used for selecting respondents: (i) restricting the respondents to 
CAB members (eight case studies), (ii) complementing all CAB members with stakeholders 
outside the CAB (eight case studies), and (iii) stakeholders, but not all CAB members (11 
case studies). As the questionnaires were completed anonymously no demographics of the 
stakeholders can be provided. Rather their role in the case study was captured in the 
questionnaire. 
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Fig. 3. Proportion of total responses, to an anonymous questionnaire completed by 
stakeholders reporting the practical advantages and limitations of the ES concept, from each 
of 27 case studies (n = 246). Case study codes explained fully in Supplementary Material 1. 
 
The questionnaire was structured to cover four topics, and consisted of 12 themes, which 
each contained a number of statements. The four main topics were (i) self-characterisation of 
users, (ii) perception of the participatory process followed in the case study, (iii) perceived 
impact, and (iv) practical usefulness of tool(s) (Fig. 2). There were four question formats: a 
set of statements with a 5 point ordinal scale and a single associated open question for all the 
statements (format A, Fig. 2); a set of statements with a 5 point ordinal scale and an 
associated open question for each statement to allow fuller reporting (format B, Fig. 2); open 
questions (format C, Fig. 2); and finally a question where respondents were asked to rate their 
opinion of the overall usefulness of the method/tool on an 11 point ordinal scale ranging from 
-5 to +5 and an associated open-ended question (format D, Fig. 2). The formatting of the 
questions was structured following consultation and strived to provide stakeholders with a 
sufficient range to fully express their opinion. The evaluation of the tools which used an 11 
point scale will be considered in another publication. 
 
When the questionnaires were presented to stakeholders, the majority of the case studies (22 
out 27) provided the respondents with detailed summary information on the tools and 
methods applied in the case study and the results obtained. The methods used to deliver this 
information are listed in Table 2. The content of the background information documents 
focused mainly on the applied tools and methods (21 case studies) and on the results (22 case 
studies). CAB members also had an opportunity to ask questions related to the presented 
information. Half of the cases also provided basic information about the OpenNESS project. 
The majority of the cases (23 cases) provided the background information in their national 
language, resulting in the use of 15 languages: Bengali, Catalan, Dutch/Flemish, English, 
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Finnish, French, German, Hungarian, Italian, Norwegian, Portuguese, Romanian, Slovak, 
Spanish, and Swahili. 
 
Table 2. Delivery mechanisms of information/questionnaires and forms of information 
provided by the case studies (n = 27) to their respondents prior to completion of the 
evaluation questionnaire. 
 
 Delivery mechanism of 
questionnaire/information 
Forms of information provided to respondents 
 
 E-mail in 
advance 
Printed 
copy 
At a 
meeting 
PowerPoint 
slides 
Fact-sheet or 
similar 
Academic 
papers/long 
documents 
Number of CSs 
employing this method 
15 7 17 16 14 4 
 
 
2.3. Number of responses 
 
Some case studies investigated multiple issues during the lifetime of the project; these were 
termed sub-projects. For five case studies these sub-projects were assessed separately by the 
stakeholders in the questionnaires. In three case studies the same individuals answered the 
questionnaire for each of the separate subprojects, while for two case studies, which each had 
three subprojects, different people were recommended by the CAB to complete the 
questionnaire for each sub-project. When multiple questionnaires were received from an 
individual concerning different sub-projects, they were treated as discrete responses for the 
subsequent analysis. In total 230 people evaluated 36 projects/subprojects and returned 246 
questionnaires; 239 fully completed questionnaires were received from 25 case studies and 
included in the statistical analysis (case studies GIFT and WADD did not complete Q5 or 
Q6). 
 
The number of questionnaires returned varied between case studies (Fig. 3), reflecting the 
collaboration mode and the method of implementing the standard questionnaire. Some case 
studies that interacted with a wide range of stakeholders delivered over 10 questionnaires 
while those that primarily interacted with a few decision makers returned fewer than five 
questionnaires. The return rate varied depending on the delivery method applied in the case 
study (Supplementary Material 3). The lowest response rates were in case studies with e-mail 
questionnaire delivery, whereas the highest response rates resulted from questionnaire 
delivery at meetings/workshops. For example, the Kenya case study (KEGA) conducted a 
stakeholder workshop and 30 people completed the questionnaire. 
 
2.4. Analysis of responses 
 
The practitioners’ open-ended answers to questions on the practical advantages and 
limitations of the work conducted (Q9 and Q10) were analysed by two core writing teams. 
First, the lead group member in each team read all responses and derived categories of 
  Dick et al. 2018 
 
11 
 
advantages and limitations of the ES concept that were identified in the responses; the whole 
team then iteratively coded each response according to the identified categories. Each 
response could be coded into multiple categories, as some statements mentioned multiple 
advantages and/or limitations. Secondly, the leader of each team checked and revised the 
coding and categories of both advantages and limitations, which resulted in some changes 
that were iterated across the team members, until an agreement was reached. 
 
Table 3. Percentage of stakeholder responses in each category of the 5 point scale, in 
response to statements about their involvement in the case study project (1= not applicable 
and 5 = very applicable). 
 
Themes + statements Scale of applicability 
1. Level of participation 1 2 3 4 5 
In problem framing 42 10 9 19 21 
In selection tools 48 13 11 19 9 
In co-production of knowledge 18 8 8 30 36 
I was fully informed of results 8 3 10 36 43 
Member of Case Study Advisory Board 37 6 3 15 39 
      
2. Level of personal involvement      
Live in area 31 3 4 13 50 
Economically dependent on land/water 
based activities 
48 9 6 16 22 
Economically dependent on non-land/ 
water activities 
56 8 8 14 14 
Own land in the area 50 3 3 14 30 
Use area for leisure 26 8 14 18 35 
      
3. Role in the area      
Make decisions related to issue studied 32 9 14 23 22 
Contribute to decision-making 16 11 14 33 27 
Affected by issue studied 14 9 19 27 31 
Interested in issue investigated 2 1 4 29 64 
 
The responses to the two blocks of process questions (Q5 and Q6) were not completed by two 
case studies (i) Planning with Green Infrastructure in five linked cases, the Netherlands 
(GIFT) and Ecosystem services in coastal management, Wadden Sea, the Netherlands 
(WADD), as the research processes involved in these case studies did not involve a CAB. 
They were therefore considered too different to be included in the analysis of these questions 
or in the stepwise linear regression analysis. 
 
To determine whether, and how much the likelihood of a ‘change in action’ (addressed by 
one single question and considered the endpoint of an ES study) was influenced by the 
numeric responses to questions on self-characterisation, the research process, and perceptions 
of the impact of the research, an auto-stepwise regression analysis was carried out. This 
statistical technique was used because of the high correlation between questions 
(Supplementary Material 4), and provided a means of determining the aspects which most 
influenced stakeholder perspectives on the likelihood of a ‘change in action’ in the case 
studies. Statistical analysis was performed using the statistical software package Genstat 16th 
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Edition (VSN International 2013). The analysis was conducted centrally and not influenced 
by the research case study leaders. 
 
3. Results 
 
3.1. Characterisation and role of the respondents 
 
The involvement of the respondent in the case study research was evaluated through 
questions on CAB-membership and engagement in research formulation and knowledge 
sharing (Table 3). Around half of responses indicated they were members of the CAB, whilst 
over a third reported they were not members, and the remaining responses indicated some 
involvement with the CAB. This may reflect, in part, the dynamic nature of CAB 
membership with individuals leaving, and new members joining during the lifetime of the 
project in some case studies. 
 
Although almost 40% of responses indicated involvement in framing the issue, only 28% 
considered that they had been involved in the selection of the tools (Table 3). Overall, two 
thirds of the responses reported contributing to the production of knowledge by attending 
workshops and other stakeholder engagement activities. Most considered they had been fully 
informed about the results of the research, but 20% indicated they had not been fully 
informed. The open-ended responses of those who considered they had not been fully 
informed of the results revealed that they felt they had not been informed about all aspects of 
the project as they were only active on a limited part of the case study. For example 
respondents wrote ‘I only took part in a QuickScan workshop of honey’. This highlights that 
the use of the ecosystem service concept in practice often involves many stakeholders 
working in different areas of assessment and over different time spans. 
 
As regards personal connection to the area two thirds of the responses indicated 
personal/professional involvement in the geographical area of the case study. Overall 63% 
scored the statement ‘I permanently live in the area’ as applicable or very applicable. The 
open-ended answers indicated that those who were not closely involved in the area were very 
precise about the actual geographical location of the study area when answering this question. 
For example some wrote ‘I live there but not in the case study area’. 
 
Overall, 38% of responses reported economic dependence on a land/water based activity in 
the area while 28% reported economic dependence that was not land/water based. A cross 
tabulation of economic dependence on land/water and non-land/water based activities 
revealed that 11% of responses indicated economic dependence on both land/water based 
activity and non-land/water based activity in the area. Respondents in this group were often 
involved in tourism, for example ‘We operate four selfcatering cottages’ or they were 
engaged in farming plus another activity e.g. ‘I have many entrepreneurships around. I have 
bees and a small farm and I do other things as well’. In contrast, 33% of responses reported 
they are not economically dependent on either a land/water or a non-land/water based activity 
in the case study area. The open-ended answers revealed that many of the respondents were 
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planners and managers who may be responsible for a larger area than the case study, and 
therefore considered that they were not economically dependent on just the case study area. 
The open-ended answers also revealed that some respondents were researchers associated 
with the area but not part of the funded research team: ‘I have scientific interest in the area’; 
‘My interests are related to research on biotic components in aquatic ecosystems’. There were 
also individuals in this group who indicated they were volunteers receiving no economic 
reward e.g. ‘I am also a Volunteer Park Ranger for High Woods Country Park’. 
 
There is evidence that some respondents were unsure how to score these two economic 
questions if they were employed by a government agency engaged in management of a 
land/water based activity. Some scored both these questions as not applicable, e.g. ‘I am 
forest staff, I am an employee of Kenya Forest Service (KFS)’, while others scored such 
situations as very applicable (i.e. ‘5’), e.g. ‘I am a professional studying forest sciences’. 
 
The characterisation of the respondents, revealed that nearly half made decisions related to 
the issue studied in the case study, while 23% considered they had some degree of decision-
making power and the rest answered that they had none. However when asked if they 
contributed to decision-making related to the issue investigated, 85% of responses indicated 
some level of contribution. A majority of responses considered that they were affected by the 
issues investigated in the case studies to some degree, with only 14% stating that they were 
unaffected by the issues. Similarly, 93% of responses reported that they were interested in the 
issue investigated in the case study to some degree, which is not unexpected, as the majority 
of respondents were either members of the CAB, or had attended workshops or meetings. 
 
3.2. Analysis of the process conducted to co-produce knowledge 
 
Most respondents thought that the process was well organised in the case study (Fig. 4). In 
general, most responses (>80%) agreed with the statements that, ‘the process was 
transparent’, ‘the people involved were trusted’, ‘the process was inclusive’ and ‘there was 
good facilitation’. One aspect with a relatively high level of dissent was for the statement ‘All 
the relevant stakeholders were represented’. Analysis of the comments associated with this 
statement indicated that respondents recognised that not all stakeholders can be consulted, for 
example ‘It would be impossible to consult all, everyone has their own opinion’; ‘it was a 
small workshop, many of the key players were present but they could not represent all 
interests’. One respondent suggested that a group was represented by the wrong people: 
‘Some entities were not present in some relevant steps of the project or were represented by 
technicians with no decision-making capacity’. However it was suggested that sometimes the 
lack of representation was not the fault of the project, e.g. ‘The problem is that the relevant 
stakeholders often do not have time to get involved in these processes (reachability of the 
stakeholders)’. 
 
Most of the replies (86%) indicated that the respondents were satisfied with the facilitation 
during the stakeholder meetings or workshops and during the stakeholder process in general 
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e.g. ‘The workshop process was perfectly clear and I felt everyone was given the opportunity 
to fully participate’. 
 
 
 
Fig. 4. Agreement or disagreement of 246 stakeholders to statements related to the process 
used in the case studies. Where the number of responses for a given answer was more than 
5% the value is shown on the graph. Responses on a 5 point ordinal scale: (1 = strongly 
disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree). 
 
 
 
Fig. 5. Agreement or disagreement of 246 stakeholders to statements related to changes in 
their personal views and knowledge. Where the number of responses for a given answer was 
more than 5% the value is shown on the graph. Responses on a 5 point ordinal scale: (1 = 
strongly disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree). 
 
In order to increase the (potential) impact of the assessments in terms of practical 
implementation, the involvement of stakeholders with a clear mandate is also important (i.e. 
to do these assessments, to negotiate with other stakeholders during decision-making, and to 
implement things afterwards). Therefore, participants were asked if they felt that the 
organisations involved had a mandate to address the issues, and 69% of the responses were 
positive. 
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3.3. Analysis of the expected impact of the research conducted in the case study 
 
The respondents reported that ES research had generated change in their case study. A 
majority of responses (91%) reported that they gained new insights and knowledge through 
their interaction with researchers and concerned stakeholders (Fig. 5). Approximately two 
thirds considered they had changed their understanding and noted more collaboration among 
involved stakeholders. Fewer respondents reported they had changed how they see the 
opinions of others (41% agree). 
 
 
Fig. 6. Responses of 246 stakeholders to statements related to the intended or realised use of 
the ES research conducted in each case study. Where the number of responses for a given 
answer was more than 5% the value is shown on the graph. Responses on a 5 point ordinal 
scale: (1 = It is very unlikely, 2 = Probably not take place, 3 = Not sure, 4 = Probably will 
take place and 5 = Already took place). 
 
A majority of responses (61%) considered that the ES research will result in a change in the 
future vision of the area (Fig. 6), while some said it had already happened (15%). The 
accompanying open-ended responses revealed that this result was often not within the power 
of the participants but with the decision-makers, e.g. ‘The usage of the methods and research 
results very much depends on the persons doing the planning and decision-making’, or that 
the time frame of the project was too short, e.g. ‘Time too short to be policy relevant’. 
However, many were hopeful and wished for a change to happen as a result of the research, 
for example ‘I hope so, as it should have raised awareness of spatial issues & trade-offs’. The 
uncertainty is reflected in 31% of stakeholders scoring that they were ‘not sure’, for example 
‘It’s difficult to say in this phase’. 
 
A majority of respondents reported that it was likely that the ES research conducted in the 
case studies will result in a change in the way information and tools are used to support 
decisions (68%). Although only 13% of responses reported that the ES research had already 
resulted in a change in actions, 40% considered that it was likely to happen, with an almost 
equal proportion being unsure. In general the comments suggest the respondents are not yet 
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sure about the impact, but see potential and are hopeful, Approximately a third of the 
responses considered that the research will result in a change in decision-making (36%) or 
indicated that this has already happened (16%). However, over a third (39%) reported they 
were ‘not sure’. Participants noted that the ES concept can influence decision-making, but in 
many cases considered it was too early to tell when completing the questionnaires. They 
think that scientific information resulting from ES research can be used as arguments and 
contribute to planning and decision-making. In some cases additional testing or efforts are 
needed before this can be realized. 
 
Table 4. Categories identified from the practitioners’ responses to the open-ended questions 
on the practical advantages of the work conducted in the case study (n = 246 responses across 
27 case studies). 
 
 
 
3.4. Analysis of the open-ended answers on advantages and limitations 
 
In total, 246 responses to the open-ended question on the main practical advantages of the 
work conducted in the case study were received. Some responses mentioned advantages that 
respondents had already experienced, while others indicated they expected certain advantages 
to eventuate. Some responses were personal, indicating learning or improved awareness; 
some referred to a project or decision-making process likely associated with the case study; 
and others referred mainly to the case study itself. Certain issues were mentioned multiple 
times, and we consider these to represent themes or categories of advantages. All responses 
were coded according to these categories. 
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The responses identified with 11 advantage groups (Table 4) related to: increased awareness 
and information; communication, participation and collaboration; comprehensive and 
science-based knowledge production; spatial knowledge and its input to planning; and 
decision and management system support. 
 
Table 5. Clusters of categories identified from the practitioners’ responses to the open-ended 
questions on the practical limitations of the work conducted in the case study. 
 
 
 
Many of the identified advantages were reported factually, just naming the advantage, e.g. 
‘communicational connection’. At other times the sentence included a statement that reported 
an experience of the advantage, e.g., ‘It provided an external stamp of academic approval...’, 
and some other responses anticipated or expected the advantages to materialize, saying 
‘could’, ‘would’, ‘is important’ or ‘is good’. 
 
Table 6. Accumulated analysis of variance from a stepwise regression following ten 
iterations. Significant terms appear in bold. 
 
 
 
Fewer respondents answered the open-ended question on the main practical limitations of the 
work conducted in the case study. In total 186 responses were analysed (i.e. in a quarter of 
the returned questionnaires this question was left blank). In addition to these blank boxes, in 
twelve responses no limitations were specified, i.e. the respondents simply acknowledged the 
process of the project implementation and the results achieved. Categorisation of the 256 
statements revealed 13 categories (See Supplementary Material 5), with ‘shortages in method 
used or its application’ being the most commonly mentioned limitation (61 mentions). 
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The 13 categories can usefully be clustered into four groups: limitations linked to 
implementation of results, limitations in methodology, data limitations, and case-study-
related limitations (Table 5). Most of the statements from the responses related to limitations 
linked to implementation of results. 
 
As indicated above, the responses varied in their identification of the limitations: some 
reported detailed comments on the implementation of the ES concept in the case study (e.g. 
comments on the particular model used), while others commented very generally (e.g. on the 
difficulty of ES valuation). Comments within the same case study were sometimes similar, 
i.e. they related to a particular category, which indicates that the main goal specified in a 
particular case study had a large impact on the limitations perceived by the respondents. 
 
3.5. Factors associated with a reported ‘change in action’ 
 
The stepwise regression analysis involving all factors found that, from the full dataset of 
31questions, only six were significantly associated with the respondents’ score for the 
question ‘The OpenNESS research resulted in a change in actions’ (61% of the variance 
accounted for by the model). 
 
The stepwise regression (Table 6) revealed significant associations with the factor 
‘OpenNESS Case Study’ and the responses to the statements (i) ‘Change in decision-making’ 
(ii) ‘All the relevant stakeholders were represented’ (iii) ‘I have changed my understanding’ 
(iv) ‘The process was inclusive and provided opportunities to get involved’ and (v) ‘Change 
in the way information and tools are used to support decisions’. All associations were 
positive. The term ‘OpenNESS Case study’ was the least significant term in the model 
indicating commonality between case studies. These five questions were good predictors of a 
change in action in the case studies. However, with the high correlation between questions, 
the selection of one question does not mean the other correlated questions are unimportant. 
For example, while the response to the questions ‘All the relevant stakeholders were 
represented’ was fitted in the model, the high correlation with the other four questions in that 
block (‘There was a high level of interaction among the represented stakeholders’; ‘The 
process was transparent’; ‘The organisations involved had a mandate to address the issues’; ‘I 
trust the people involved’) meant that this group of questions were also associated with a 
‘change in action’. Similarly responses to the question ‘The OpenNESS research resulted in a 
change in decision-making’ accounted for the most variance in the fitted model but it was 
also highly correlated with other questions. While dropping this term from the model reduced 
the overall model fit, it did not significantly change the factors in the analysis. The model 
presented in Table 6 includes the factors which collectively accounted for maximum 
variance. 
 
4. Discussion 
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The results of this study have shown that the ES concept was operationalised in the 27 case 
studies, and consequently supports the generally held expectation that the ES concept helps 
practitioners address their specific real-world management needs. 
 
In this study we specifically enquired if a ‘change in action’ had occurred as a result of the 
ES research, and around half the responses identified that a change in action had occurred or 
was likely to occur. The ES research conducted and ‘change in action’ reported encompassed 
all three decisions types proposed by McKenzie et al. (2014) and Waylen and Young (2014) 
namely (i) conceptual, i.e. to raise awareness and reframe dialogue; (ii) instrumental, to make 
specific decisions; and (iii) strategic, to build support for plans or policies. For example the 
Italian case study (GOMG) is an example of conceptual use. The work in the Italian case 
study showed the added value of building an artificial wetlands from different perspectives 
(technical, ecological, recreational). The respondents reported that there had been a change in 
the future vision in the area i.e. a reframing of the dialogue locally. Water and planning 
managers also reported they will use the results when updating the river basin management 
plan, and they asked to work with the research team again to develop other similar case 
studies. The work conducted in Brazil (BIOB) on a payment for ecosystem service scheme 
has been included in the Directive Plan for the area, and is contributing to a change of 
legislation i.e. an example of instrumental and strategic use of the ES research. While in the 
northern Scottish case study (CNPM), the work was used strategically to help lever funding 
for development projects (£3.6 m from the UK National Heritage Lottery Fund). A map 
showing the integrated valuation of recreational use of the area was used as evidence to 
support the development of walking trails. We do not claim that the proposal for funding was 
successful solely as a result of the ES assessment, but CAB members reported that they 
considered the work, which highlighted collaborative working and participatory planning, 
had certainly helped to convince the awarding committee to approve the funds (Tomintoul 
and Glenlivet landscape partnership, 2016). The decision context of all 27 case studies is 
reported in Barton et al. (2018). They found, in their analysis of this same set of case studies, 
that the majority of appraisals conducted were for informative purposes and significantly 
fewer had a decisive or technical policy design focus. As the case studies were conducted in 
real world situations it was noted that sometimes the stakeholders insisted that the assessment 
should not be conducted with a real decisive endpoint (e.g. Dick et al., 2017). Analysis of the 
knowledge needs expressed by the stakeholders and the temporal shift in conceptual 
understanding of the researchers are explored in Carmen et al. 2018 and Potchin et al., 2018. 
 
Change in action, takes time, and even in the case of CNPM where the ES work was used to 
successfully lever development funds, the majority of respondents completing the 
questionnaire only scored this activity as ‘likely to happen’ (as the application for funding 
had not been submitted at the time of questionnaire completion). This temporal mismatch 
between the evaluation of the ES concept in this study and the final delivery was echoed in 
many case studies, when respondents indicated that it was too early to tell if the work would 
result in a change in action, but indicated that they thought it likely. Also many statements 
about advantages echoed an anticipation for future improvements. The need to monitor such 
changes over time has been highlighted in the literature (Carpenter et al., 2012; Posner et al., 
  Dick et al. 2018 
 
20 
 
2016), leading Maass et al. (2016) to recommend the long-term social-ecological research 
platform approach (Haberl et al., 2006) in order to follow ES decision-making. 
 
A ‘change in action’ resulting from ES research also requires a change in decision making 
(identified as the most important factor in the step-wise regression). The lack of political will, 
and the current governance structures were mentioned as limitations to the operationalisation 
of the ES concept in the open-questions. These limitations were identified in the urban 
Slovak case study (TRNA), based on a review (Bezák et al., 2017) of national and local 
policy and planning documents and stakeholder feedback. They report a certain resistance of 
the decision-makers to change their accustomed routine planning procedures, which are 
grounded in sectoral planning and lack accredited ES assessment methodologies and 
communication strategies to raise awareness of the ES concept. 
 
Analysis of the questionnaires from the 27 case studies revealed that the most reported 
benefits that the ES research has provided relates to knowledge accumulation. However, 
almost as important are the directly applicable methods and tools that can connect science to 
the development and implementation of decisionmaking, management and planning. A third 
advantage of ES research identified by practitioners is one of bridging and communicating 
which advances collaboration and engagement. These findings help to expand on the existing 
understanding of ES knowledge use. For example, the review of Martinez-Harms et al. 
(2015) evaluated the degree to which ES assessments have addressed management decisions, 
and found that less than half of the studies specified management alternatives and only 3% of 
the studies documented how the study has been used for decision-support. Furthermore with 
regards to ES valuation knowledge, Laurans et al. (2013) found that only a fraction of studies 
have analysed the use of knowledge. 
 
Many of the methods and tools tested involved stakeholders directly, and as noted, 
stakeholder communication and collabora- tion were highlighted positively in the survey 
responses. The work conducted across the case studies follows a growing trend in the use and 
development of decision support tools, which have shifted towards participatory approaches 
in recent years (Carberry et al., 2002; Grizzetti et al., 2016a, Grizzetti et al., 2016b, Martín-
López et al., 2012; McCown and Parton, 2006; Nelson et al., 2002; Verweij et al., 2014). 
Central to participatory processes is the principle of actively involving stakeholders and their 
knowledge, instead of treating them as passive recipients of knowledge (Kloppenburg, 1991; 
Massey et al., 2006). The link between researchers and stakeholders has historically been 
patriarchal. In their review of urban ecosystem service assessments, Haase et al. (2014), 
found that only six of a total 217 papers (3%) reported communicating the results of the study 
to stakeholders. Stakeholders are commonly involved in ES studies in three ways: (i) 
determining the planning relevance of the ES concept, (ii) developing frameworks and 
selection of relevant ES to assess, and (iii) collecting data and assessing ES (Haase et al., 
2014). The approach adopted in the case studies reported here involved much closer working, 
with stakeholders co-designing the study in a place-based approach, and the results of the 
survey indicate that this was appreciated by the stakeholders. The researchers’ views of the 
process of operationalisation were surveyed and reported in Saarikoski et al. (2018). They 
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note that researchers also reported positively on the experience of co-design facilitated by the 
creation of Case Study Advisory Boards which they considered facilitated the uptake, 
utilization and influence of ecosystem service knowledge. 
 
The ES research carried out in the case studies is an example of transdisciplinary science 
involving stakeholders, aiming to deliver salient, legitimate and credible science to the 
decision-making process (Lang et al., 2012; Röckmann et al., 2015). This link between 
science and decision-making is considered ‘boundary work’ (Gieryn 1983; Gieryn 1995; 
Guston 2001; Huutoniemi et al., 2010) at the interface between science and the real world, to 
help protect science from potential biases caused by what is at stake in decision-making. 
Communication and collaboration is crucial to forge the links between different interfaces 
and world views. Analysis of the open-ended questions in this study revealed that both 
awareness-raising and communication were key advantages of the operationalisation of the 
ES concept (Table 4). This confirms the potential of the ES concept to cross boundaries and 
to translate real-world problems into boundary research objects, thus further linking science 
with the real world (Lang et al., 2012). 
 
The purpose of this study was to investigate the practical application of the ES concept across 
case studies that reflected a diverse range of different challenges, and to test the concept in a 
broad range of user-defined contexts making use of an evaluation by stakeholders. There 
have also been calls for a standardised scorecard approach in order to compare ES approaches 
across case studies and identify when the ES approach is most appropriate (Fürst et al., 2014), 
considering advantages and limitations. Our approach has been developed over three years of 
consultation with case study researchers and stakeholders and has resulted in parallel 
questions. The benefits identified by the survey respondents are similar to the criteria 
developed by Fürst et al. (2014): ‘Shared knowledge base: integrating disciplinary 
knowledge’, ‘Building a shared vision’, ‘Social network and collaboration’ (which they 
considered as advantages) and ‘Requested knowledge basis and training, actor inequality’, 
‘Supporting the detection of supply demand relationships’, ‘Involvement of socio-ecological-
economic system aspects in planning’ (which they considered critical aspects). Fürst et al. 
tested their approach with researchers and found it suitable, but to date the views of 
stakeholders are unknown. 
 
Stakeholders found the evaluation method in this study comprehensive, but time consuming 
to complete (one respondent reported it took 2 h although it commonly took 30–45 min). The 
correlation and step-wise regression analysis revealed that within blocks of questions there 
was much redundancy i.e. the answers to questions within a block were the same. This was 
especially true for the questions related to the evaluation of the process. Therefore, we would 
recommend keeping the structure of the blocks of questions but reduce the number of 
questions in each block. The mix of numerical and open questions was useful to cross-check 
the reasons for the scores and to aid understanding of the stakeholders views. There is some 
evidence that stakeholders also welcomed the mixed approach as it indicated a desire to fully 
understand their perspective. 
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This study, conducted across 27 diverse case studies, found that the ES concept was broadly 
‘operational’ and accommodated positivist, interpretivist and constructivist research 
strategies. The ES concept and participatory approaches applied in the different case studies 
opened a constructive dialogue among the different parties, supporting an important 
rationalisation of common problems. This exchange is pivotal in revealing the 
interdependencies between policy sectors, and spatial and land use planning at different 
levels according to the case study scale. In contrast, the natural capital concept, which is 
arguably more limited to monetary, accounting and valuation methods (positivist approaches) 
(e.g. Obst et al., 2016), was adopted by the CABs to a very limited extent in framing the 
research. Potentially the full ’community capitals’ approach, which includes social, cultural, 
built, political, human and financial capital rather than focusing only on natural capital, may 
have resonated more with the CABs. The ’community capitals’ approach can embrace 
positivist, interpretativist and constructivist methods (Fey et al., 2006). 
 
Over the last century, human domination and modification of the planet has led scientists to 
refer to the current geological age as the ‘Anthropocene’ (Crutzen 2002), on account of the 
unparalleled intensity and magnitude of the role of humans in the changes affecting the 
Earth’s ecological systems. Three changes are commonly advocated as required for 
transformational change on Earth: (i) change in the hearts and minds of individuals, (ii) 
change in human behaviours, and (iii) change in social institutions. The case studies show 
that the operationalisation of the ES concept in this study, which embedded the 
transdisciplinary approach, can indeed lead to each of these types of changes. The 
stakeholders reported new insights and knowledge (91%), more collaboration (66%), changed 
understanding (65%), a change in the way information was used (68%) which lead to a 
change in decision-making (53%), and ultimately the probability of a change in action (54%). 
The evidence for changes in social institutions was less obvious (Bezák et al., 2017) but is 
recognised to be a long term process. Stakeholders have reported that the ecosystem service 
concept can help address their specific real-world ecosystem management needs. 
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